In the present study, susceptibility of a high manganese TWIP steel to stress corrosion cracking (SCC) in a 3.5% NaCl solution was investigated using slow strain rate tests (SSRT), constant load (CL) tests and fractography. Strain rates employed for SSRT were in the range of 10 -06 -10 -08 s -1 . The specimens tested in air revealed a ductile type of failure, whereas those tested in the corrosive solution exhibited a brittle feature that is attributed to stress corrosion cracking. SCC was observed at a relatively low strain rate of 10 -07 s -1 .
Introduction
High manganese (20-30 wt.%) TWIP steels offer enormous potential in applications for structural components for the automotives, due to their exceptional combination of tensile strength and ductility. These steels might also be considered as an alternative to common austenitic Cr-Ni stainless steels [1, 2] . To initiate twinning, the material must possess a relatively low level of the stacking fault energy. In high manganese steels (e.g., Fe-25Mn-3Si-3Al alloy), the stacking fault energy is so low (SFE 20 mJ/m 2 ) that twinning commences early, and the steel starts to deform at around 300 MPa. This phenomenon is referred to as "Twinning Induced Plasticity" [3] .
Stress corrosion cracking (SCC) is a crucial mode of failure which has to be considered before any new class of materials can be utilized in corrosive environment (such as polluted industrial environments, marine condition or for automotive components). Though there are reports on electrochemical corrosion of TWIP steels [4] [5] [6] , SCC properties of these steels have received little attention. This paper presents investigation on the SCC susceptibility of a high-Mn TWIP steel at different strain rates as well as under constant load.
Experimental
The chemical composition of the high-manganese austenitic TWIP steel used in this study is shown in Table 1 . The steel was received as an ingot of 200×140×40 mm. This ingot was subjected to thermomechanical processing, which included hot rolling, cold rolling and heat treatments.
Slow strain rate tests (SSRT) were carried out on smooth cylindrical specimens (the total length (L) = 200 mm, diameter (d) = 8 mm, gauge diameter (d o ) = 3 mm, and gauge length of (L o ) = 20 mm). SCC susceptibility was estimated by using of the range of strain-rates (1×10 -06 to 2×10 -08 s -1 ), which is consistent with the guidelines in MTI publication no. 15 [7] .
The test solutions used was 3.5 % NaCl (pH = 6.24). All experiments were carried out under an open circuit condition. The TWIP samples and rigs used in constant load tests were similar to those used for SSRT. The samples were loaded at different constant initial stresses ( o ) in the range 315 -460 MPa.
Fracture surface was cleaned to remove the corrosion products and the fracture features were examined using scanning electron microscope of the JEOL 840A.
Results and Discussion

SSRT and Index of Susceptibility
Strain rate is reported to have a profound influence on whether or not an alloy will undergo SCC [8, 9] . Stress-strain curves in Figure 1 (a) show that not only is the ultimate tensile strengths dependent upon the presence or otherwise of stress corrosion cracks, but so also is the total elongations achieved [10] .
Index of susceptibility is a practical indication for evaluation of stress corrosion cracking, which is defined as "an average percentage of decrease in the values measured when examining parameter values obtained in a corrosive environment, and compared to those obtained in air" [11] [12] [13] . Table 2 shows different indices of susceptibility of TWIP steel. For example, I tf is the ratio of time to failure in chloride solution and air. Other indices represent similar ratios on the basis of reduction of area (I A ), strain energy (I E ), maximum stress (I R ) and plastic elongation (I Z ). The closer the index value to 100, the greater is susceptibility to SCC. Figure 1(b) shows the effect of strain rate on reduction of area and time to failure in 3.5% NaCl solution. The data in Table 2 suggests a great susceptibility of SCC at the low strain rate (4×10 -07 s -1 ). The high strain rates allow less time for corrosive action and therefore, the lesser propensity for SCC. Fractographic features may provide distinctive feature for SCC. Engineering strain 4E-07 s-1 in air 4E-07 s-1 in 3.5% NaCl 5E-07 s-1 in air 5E-07 s-1 in 3.5% NaCl 1E-06 s-1 in air 1E-06 s-1 in 3.5% NaCl Fig. 1. (a) Engineering stress-strain curves for TWIP steel tested at room temperature and different strain rates in air and 3.5 % NaCl solution; (b) Susceptibility indices of TWIP steels show the effect of strain rates on the time to failure (I tf ) and reduction of area (I A ) in 3.5% NaCl solution. The pertinent fractographic features for SCC are: intergranular and/or transgranular cracking [14] , and the evidence of secondary cracking [15] . Such features were either considerably less prominent or absent in the case of specimens tested at high strain rates, as shown in figure 2(a) and 2(b) . The predominant feature of ductile dimples in these specimens is similar to that observed in the specimens tested at all strain rates in air (Figure 2(c) ). On the other hand, a considerable fraction of the fracture surface of the specimen tested in sodium chloride at a lower strain rate (4×10 -07 s -1
) clearly possessed transgranular and intergranular cracking (Figure 3(a) ) and secondary cracking (Figure 3(b) ). However, the transgranular cracking clearly predominates intergranular cracking. Though the SSRT results and fractographic evidence have established SCC of the TWIP steel in 3.5% chloride sodium, it is still unclear whether greater propensity of the new twin that may form during the dynamic loading in SSRT could play a role. Therefore, a few tests were also conducted under static loading condition.
Constant Load tests
The constant load (CL) tests in 3.5% NaCl solutions were conducted at 315 MPa i.e., (below the yield strength), 380 MPa and 460 MPa i.e., (above the yield strength but below UTS). These tested were terminated at 1120h. Gauge length section of the specimens was examined by SEM for investigative the presence of secondary cracking. Then the specimens were strained further in air at a high strain rate (1×10 -06 s -1 ) until they fractured. SEM photographs in Figure 4 (a-d) illustrate the change in the features along the gauge length of the specimen, from the quasi cleavages at low stresses (below yield stress) to transgranular SCC (above the yield stress) and/or to the intergranular SCC at a considerably high stress.
Presence of inter-or transgranular features in gauge length sections confirm that TWIP steel had undergone stress corrosion cracking. 
Conclusion
• SSRT of the TWIP steel in 3.5% NaCl resulted in SCC at a strain rate of 10 -07 s -1 , whereas the higher strain rates produced exclusive mechanical fracture.
• Constant load tests have confirmed the results of SSRT, and showed that the features of SCC change with increasing constant initial load. 
